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Abstract 
Cynodon dactylon is an important species applied in the ecological restoration of slope through vegetation concrete. 
A controlling experiment was employed which included five levels of concrete contents.  The changes of germination 
rate, survival rate, plant height, leaf number and related parameters of root growth under different levels of concrete 
were determined to uncover the relationship among concrete content, seed germination and seedling establishment. 
The results show that the concrete content has significant effects on seed germination and seedling establishment. 
Seed germination, seedling leaf number, plant height, aboveground biomass, belowground biomass and root length, 
root crossing number increased with the increasing of concrete content at the range from 0 to 8 %, but decreased 
sharply when concrete content was over 8%. However, seedling survival decreased all the time with the increasing of 
concrete content. 8 % seem the suitable concrete content for seed germination and seedling growth in the vegetation 
concrete matrixes. In the specific ecological restoration projects, concrete content should be determined combining 
with the strength requirements of slope. Concrete content usually should be lower than 8 %. The seeding seeds should 
be increased when the concrete content had to be over 8 %. 
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1. Introduction  
The formation of engineering slope brings about many ecological problems such as vegetation 
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destruction, topographic and hydrological changes, soil erosion and slope slide [1-4]. The ecological 
restoration of slope management can enhance slope stability, reducing the occurrence of landslides and 
debris flows to ensure the safety of engineering, but also improve the ecological environment, conserve 
biodiversity. Traditional concrete slope repair method only considered the stability of the slope ignoring 
the ecological functions of slope landscape [5, 6]. The vegetation concrete technology restored slopes by 
using concrete and plant materials to keep slope stable and recover slope vegetation[7,8].The key issuer in 
the new technology is how to determine the composition of vegetation concrete and plant species 
according to slope location, slope angle, rock properties and slope ecological functions[9]. It is believed 
that slope stability increased with the increasing of concrete content meanwhile seed germination and 
growth were limited. In the specific application of vegetation concrete technology, concrete content, 
adaptive plant species and its seed quantity is determined mainly based on requirement of slope stability.  
Cynodon dactylon is one of the three warm-season turfgrass in the world. It has the properties of low 
height, thin texture, good propagation ability, wide distribution range and strong resistance etc. The specie 
is also a good species for slop restoration as its well-developed root system can form a criss-cross network 
to stabilize slope and protect slope. However, it is not clear that the relation between concrete content and 
seed germination and seedling establishment, which result in some problems in application such as 
improper use of species, and too more or too little amount of seeds seeded. Materials and methods 
2. Experimental design 
C. dactylon seeds were used as experimental materials. A controlling experiment was employed to test 
the effects of concrete content on seed germination, seedling establishment by using five concrete content 
treatments with five replicates. The experimental unit consisted 50 mature seeds placed on a plastic pots 
(25.5 cm tall, 17.5 cm diameter) filled with 1000 g dried soil, concrete, organic matter (wood chips) and 
green additive. The concrete content treatments included 0 %, 4 %, 8 %, 12 % and 16 %. Soil water 
content was managed every two days. 
3. Experimental observations 
The trial began in April 2011. Germinated seeds were counted on a daily basis. Germination experiment 
was ended after 11 days when no new emersion occurred and germination rate was counted. The 
experiment last continually 50 days to test the effect of concrete on seedling survival and growth. Seedling 
survival was counted. Ten seedlings were taken out randomly from each pot when the experiment was over. 
The leaf number, height and root system of each plant were measured before seedlings were dried in drying 
oven. Biomass of each plant was measured based on aboveground and belowground parts. 
4.  Data analysis 
The effect of variable was analyzed using one-way analysis of variance (ANOVA) after In-
transformation of data and means were compared with Duncan test. All analyses were conducted using 
SPSS software (13.0) 
5. Result and analysis 
5.1. The effect of the concrete content on seed germination 
The concrete content affected significantly the germination rate of C. dactylon seeds (p<0.01). Seeds 
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germinated 71.2, 74.0, 77.2, 35.2 and 16.8 % at the contents of 0, 4, 8, 12 and 16 % respectively. 
Germination rate increased from 0 to 8 %, but decreased distinguishably from 8 to 16%, of which the next 
highest seed germination rate occurred at 8 % (Fig. 1). 
The germination dynamics of C. dactylon seeds was influenced by the concrete content at some degree. 
With the increasing of concentrations of concrete, the initial germination time was delayed. Seeds 
germinated in the first two days when the concentration of concrete was lower than 8 % meanwhile seeds 
germinated did not germinate until the fourth day at the content of 16 %（Fig. 2）. 
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Fig. 1. Effect of concrete content on the germination C. dactylon seeds (left) 
Fig. 2.  The germination dynamics of C. dactylon seeds on the matrixes with different concrete content (right) 
5.2. The effect of the concrete content on seedling survival 
The concrete content had a significant effect on the survival rate of C. dactylon seedlings (p <0.01). 
Seedlings survived 98.6，85.8，78.6，57.6，31.6 % at the content of 0、4、8、12 and 16% 
respectively, showing a trend of survival rate decreased with the increase of the concrete content. The 
highest survival rate appeared at the content of 0 % (Fig. 3). 
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Fig. 3 Surviving rate of C. dactylon seedlings on the matrixes with different concrete contents 
Fig. 4 The changes of leaf number and stem height C. dactylon seedlings on the matrixes with different concrete contents 
5.3. The effect of the concrete content on seedling growth 
Both the growth of aboveground and belowground of parts C. dactylon seedlings were affected 
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significantly by the concrete content（p<0.01）. The leaf number and stem height increased at the range 
from 0 to 8%, but decreased sharply from 8 to 16 %. Their value ranked the highest at 8 %（Fig. 4）, so 
did the root length, root surface area and the number of root cross(Table 2). 
The same trend appeared in the biomass changes of C. dactylon seedlings (Table 1). The biomass of C. 
dactylon seedlings was influenced significantly by the concrete contents. The total biomass, aboveground 
biomass and belowground biomass increased at the range from 0 to 8 %, but decreased sharply from 8 to 
16 %. However, the ratio of root with shoot increased with the increase of the concrete content. 
Table 1. CHANGES OF BIOMASS OF C. DACTYLON SEEDLINGS 
Treatment Total biomass (mg) (mean±SD) Shoot biomass(mg) (mean±SD) 
Root biomass(mg) 
(mean±SD) 
0 (%) 
4 (%) 
8 (%) 
12 (%) 
16 (%) 
3.42 ± 0.15 c 
6.73 ± 0.26 b 
11.56 ± 0.46 a 
2.54 ± 0.16 d 
1.94 ± 0.15 e 
2.57 ± 0.11 c 
4.84 ± 0.20 b 
8.01 ± 0.40 a 
1.67 ± 0.10 d 
1.14 ± 0.09 e 
0.85 ± 0.03 c 
1.88 ±0.07 b 
3.69 ± 0.23 a 
0.87 ± 0.06 c 
0.79 ±0.06 c 
Total F=1146.46; sig=0.000 
F=860.57; 
Sig=0.000 
F=593.40; 
Sig=0.000 
Note: The lowercase letters in the same column indicated the level of difference (P < 0.05). Following table is same. 
Table 2. CHANGES OF ROOT SYSTEMS OF C. DACTYLON SEEDLINGS 
Treatment 
Length (cm) 
(mean±SD) 
Surface area (cm2) 
(mean±SD) 
Diameter (mm) 
(mean±SD) 
Crossing number 
(mean±S D) 
0 (%) 
4 (%) 
8 (%) 
12 (%) 
16 (%) 
13.2 ± 0.3 a 
27.6 ±5.9 b 
48.3 ±3.2 c 
12.9 ± 1.2 a 
6.5 ± 0.2 d 
0.12 ± 0.01 a 
0.44 ± 0.10 b 
0.66 ±0.08 c 
0.18 ± 0.02 a 
0.10 ± 0.05 a 
0.09 ± 0.01 a 
0.15 ± 0.00 b 
0.14 ± 0.01 c 
0.14 ± 0.00 c 
0.16 ± 0.00 b 
57.7 ± 3.5 a 
286.7 ± 42.5 b 
511.0 ± 72.2 c 
73.3 ± 7.1 a 
51.3 ± 5.7a 
Total 
F=88.53; 
Sig=0.000 
F=50.73; 
Sig=0.000 
F=88.51; 
Sig=0.000 
F=85.76; 
Sig=0.000 
6.  Conclusion 
1) The concrete content of vegetation concrete matrix had significant effects on seed germination and 
seedling survival of C. dactylon. Seed germination increased at the range of concrete content from m 0 to 
8 %. Low concrete contents (< 8 %) promoted seed germination. However, Germination decreased from 8 
to 16 % concrete content. Seedling establishment was prohibited by concrete as seedling survival 
decreased all with the increase of concrete content. 
2) The indexes measuring plant growth, including stem height, leaf number, seedling biomass and root 
length, root surface area, root crossing number, all increased at the range from 0 to 8 % concrete content of, 
but  decreased when the concrete content was over 8 %. It suggested that a certain range of concrete 
content promoting seedling growth, and high concrete content stressed seedling growth. 
3) The suitable concrete content used in vegetation concrete matrix was 8% seed germination and 
seedling growth. In the specific ecological restoration projects, the concrete content used for slop 
109Yang XU and Fangqing Chen / Procedia Engineering 28 (2012) 105 – 109 Author name / Procedia Engineering 00 (2011) 000–000 5 
restoration should be lower that 8 % to promote seed germination and seedling growth as more as possible. 
Increase seeding quantity or replacing species had to be conducted when the concrete content should be 
over 8 % to increase the slope intensity. 
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